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Yo all whom it may concern:

Be it known that I, N1KoLA TESLA, a sub-
jectof the Emperor of Austria-Hungary, from
Smiljan, Lika, border countryof Austria-Hun-

5 gary, residing at New York, in the county
and State of New York, have invenied cer-
tain new and nseful Improvements in Sys.
tems of Ilectrical Power Transmission, of
which the following is a specification, refer-

10 ence being had to the drawings aceompany-
ing and forming a part of the same,

Ineertain patents heretofore granted,I have
shown and deseribed a system of electrical
power transmission in which each motor con-

15 tained two or more independent energizing
circuits through which were cansed to pass
alternating onrrents having in each -circuit
snch difference of phase that by their com-
bined or resultant action they produced a ro-

ro tary progression of the polesor points of max-
imum magnetic effect of the motor and there-
by maintained the rotation of its mmovable
element. In the system referred to and de-
seribed in the said patents the produetion or

25 generation of the alternating currents, upon
the combined or resultant effect of whichthe
operation of the system depends, is effected
by the employment of an alternating carrent
generator with independent induced cirenits

30 which, by reason of the winding or other con-
struction of the generator, producescurrenis
differing in phase, and these currents ave con-
veyed directly from the generator to the cor-
responding motor coils by independent lines

35 or cirenits, I have, however, discovered that
I may produce the same or a similar result
by an alternating current from a single origi-
nal source using batween the generator and
motors but one line or trapnsmission eirenit.

4o DBroadly stated, this system or method in-
volves a source of alternating or equivalent
currents, a singla transmission eirenit, a mo-
tor baving independent energizing circuits
connected with or adapted for econnection

45 with the transmission eireunit, means for ren-
dering the magnetic effects due to the ener-
gizing cirenits of different phase, and an ar-
mature within the infinence of the energiz-
ing eirenits; the means foraceomplishing this

so result being of such anature as to retard the
current in one energizing cireuit to & greater

or less extent than in the other. The distri-
bution of the main ororiginal eurrent through
the two motor circuits may be effected by in-
duetion or by derivation. In other words,I ;3
may pass the alternating current fromn the
source through one energizing cirenit, and in-
dnea by sueh carrent a second eurrent in the
other energizing cireuit. Or, on the other
hand, I may connect up the two energizing éo
cireuits of the motor in derivation or mnlti-
ple arc with the main cireuit from the soures.
IneithereventI make due provision for main-
taining a difference of phase between the enr-
rents in the two eirouits or branches. 6%

In an application filed by me May 15,1888,
Serial No. 273,993, I haveshown and deseribed
the means which I have employed for secar-
ing this result by inducing one energizing
curreat from the other. 70

My present application relates to the means
employed when the two energizing eurrents
are obtained from a single original source by
derivation.

In explanation of what appears to be the 75
principle of the operation of my invention
and of the functions of the several instru-
mentalities comprised thereby, lot it Le as-
sumed that the two energizing cireuits of an
alternating enrrent wotor, snch, for exampls, 8o
as T have deseribed in my Patent No. 382,280,
dated DMay 1, 1888, are connected up in deri-
vation or wultiple arc with the conductors
of a circuit including an alternating eurrent
generator. It is obviousthatif both eirenits 8g
are alike and offer the same resistance to the
passage of the eurrent no rotary sffect will be
prodneed, for althongh the periods of the eur-
vents in both eircunits will lag or be retarded
to a cortain extent with respect to an un- go
retarded current from the main circuit, their
phases will coincide. If, however, the coils
of one circuit have a greater number of con-
volutionsaround Lhe cores, or o self indnction
coil be inclnded in one of the cireuits, the g3
phases of the current in that cireuit are re-
tarded by the increased self induetion, The
degree of reterdation may readily be secured
by these means which will produce the dif-
ference in electrical phase betwean the two roo
currents neeessary for the practieal operation
of the motor. If in lien of increasing the
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self induetion of one cirenit a dead resist-
ance be inserted, the self induction of snch
cirenit exerts a correspondingly diminished
effect, and the phases of the ¢urrent flowing
in that branch are brought more nearly in
unison with those of an unretarded current
from the main line and the necessary differ-
ence of phase between the ourrents in thetwo
energizing circuits thus secured. ' I take ad-
vantage of these results in several ways.
For example, I way insert variable resist-
ances in both branches or energizing cirenits
and by varying one or theother so as to bring
the phases of the two currents more or lessin
unison with those of the nnrefarded current,
I may thus vary the direction of the rotation
of the motor, In lien of resistances I may
employ variable self induction coils, in both
cirenits. Or I may use a resistance in one
and a self indnoction eoil in the other and vary
either or both., This system or means of op-
erating the motors is rendered of great prac-
tieal value by employing an armature wound
with energizing ¢oils closed npon themselves,
in which eurrents are induced by the alter-
nating currents passing in the field coils that
serve to greatly increase the mutual attraet-
ive effsct between the armature and the field
magnets. This use of the armatare with
_closed coils I regard as an important feature
of my invention. These several features of
the invention I shall now deseribe more in de-
tail by reference to the accompanying draw-
ings.

Figure 1 is a diagram of the system in
which the motor coils or energizing oircenits
arein derivation to the main line with a dead
resistance inserted in one cirenit. Fig. 2 is
a diagram showing dead resistances in both
motor cireunits. - Fig. 3 ia a diagram showing
a self indmetion coil in one motor ciremit.
Fig. 4 is a diagram showing a dead resistance
in one circnit and a self induetion coil in the
other. Fig. 5in like manner skows a self in-
duction coil in each motor oircuit. TFig. 6 is
a diagram showing the two motor circuits of
different electrical character. Fig. 7is a dia-
gram illustrating means for varylog at will
the electrical character of the motor eirenits.

Referring to Fig. 1, A designates & snitable
gource of alternating carrents and B B the
line wires running therefrom. It will beun-
derstood that the generator A may be a pri-
mary or secondary generator, and the line B
B may be the main transmission circuit or a
loeal circuit from a transformer connected
at any point in the line of a main or trans-

mission cirenit. Tor convenience in this

cage, it will be considered as a line from a |

given source of current to one or more motore.
The motor containg a given number of pole
pieces wound with two sets of coils C and D.
The armature is wound with permanently
closed energizing coils E in which eurrents
 are developed by induetive action when the
motor s in operation which magnetize the
armature core and greatly increase the effi-

cieney of the motor. Assuming the two mo-
tor cirenits to have the same degree of self
induetion and resistanee no rofary effeet will 7o
be produced by the passage through them of

an alternating current from the source A.
But if in one of the motor cirenits, as D, a
dead résistance represented by R be intro-
dueed, the self indnction of that eirenit or 45
branch is reduced and the phases of current
therein retarded to a eorrespondingly less
oxtent. The relative degrees of retardation

of the phases of the current in-the two motor
circuits with respect to those of an unretarded 8o
current from the cireunit B thus produced will
set up a rotation of the motor which may be
practically ntilized for many purposes.

If, as in Fig. 2, a dead resistance B, R’ be
introduced into each motor eireuit, no rotary 85
affect will be produced as long as the resist.
anoes are equal, but by varying the resist-
ance in one circuit the retardation of the cur-
rent in that cirenit will be varied, and corre-
sponding effects produced. For oxample, a go
reduction of the resistance in one cirenit im-
parts to the motor rotation in one direetion
while n reduction of the resistaunce in the
other circuit will produce. a rotalion in the
opposite direction. By means of the two ro- g5
sistances, therefore, capable of varistion or
of being bodily withdrawn. from or inserted
in the circuits by any well known means, a
perfect regulation of the motors.is securad.

In Fig. 3 the arrangement of all the parts 1co
is similar to that shown in Fig. 1 excaptthat
a self induection coil as § is introduced into
ong branch or energizing circuit of the motor.
The effect of thns increasing the self induc-
tion in one of the cirenits is to retard the 1oy
phases of the eurrent passing therein to a
greater extent than in the other cireuit -and
in this way to secure the necessary differance
in phase between the two energizing currents
to produce the rotation of the motor. 110

In Fig. 4 a self induction coil S is ineluded
in oneof the motorcirenits and a dead resist-
ance R in the other. The increased self in-
duection in ons cirenit thus produced acts to
increase the difference of phase between the 113
current in snclr motor cirenit and the unre-
tarded ecurrent in the main line B. Qi the
other hand, the introduction of the dead re-
gistance in the other motor cireuit rednces the
retardation and brings the phases of thecur- 120
rent therein more clogely in accord with those
of the unretarded current, thus producing a
correspoudingly greater difference of phase
between the two currents in the energizing
cirouits C and D. 125

In Fig. 5, two self induction coils S, 8’ are
shown, one in each motor or energizing eir-
cnif. Oneof thesecoils as 8’is moch smaller
than the other and has less self induction or
counter electro motive force than the other, r3e
80 that the phasges of carrent will be retarded
to a less extent than in the other. The two
self induoction coils may be of the same ohar-
acter or size if it iz desired to use but one at
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& time:for the purpose of reversing the motor,
or if they be constructed in well known ways
so that they may be varied.

In Fig. 7 the usnal means for varying the
resistance or self-induction of the motor cir-
cuits at will are indicated by the lever M slid-
ing over & series of resistance plates, and by a
core N which is adapted to be moved in and
ouf of the induetion eofl 8.

Similar results may be secured by such a
constroction or organization of the motor as
will yield the necessary differences of phase.
For example, one set of energizing coils may
be of finer wire than the other, or have a
greater number of convolutions, or each cir-
enit may contain the same number of convo-
lutions, but composed of different conduetors,
as, for instance, one of copper, the other of
German silver. 1 have represented this in
Fig. 6, in which the eoils C are indicated by
closer lines than coils D.

Thereareother waysof varying theretarda-
tion due to the self induction in the two ener-
gizing eircuits. Forexample, the motor coils
may be all alike, but those of one energizing
cirenit connected in parallel while the others
are connected in series, or the eonnection in
each e{lhgiziug cireait may be alike, but the
earrents directed through them may be of
different strength, as when one of the ecur-
ronls is supplied from a source of higher elee-
tre-motive force.

In the above description I have referred
mainly to motors with two energizing eircuits,
but it is evident that the invention applies
equally to those in which thefeare mora than
two of such ecireunits, the adaptation of the
same belng a matter well understood by those
gkilled in the art.

In using in the claims the term aotive re-
sistance as applied to the motor cirenits in
this case, it will be understood that the term
refers to the opposing or retarding force ex-
isting in the circuits to the passage of the al-
ternating currents. Thus, the two cirerits
may have the same dead resistance, but dif-
ferent degrees of self induction.

What I claim as my invention is-—

1, The combination with a source of alter-
pating currents, and a eircuit from the same,
of a motor having independent energizing eir-

euits connected with the said eirenit, and |l

means for rendering the magnetic offects due
to said energizing cirenits of different phase
and an armatuare within the influence of said
energizing cireuits.

2. The combination with a sonrce of alter-
nating currents and a circnit from the same,
of a motor havingindependent energizing eir-
cuits conneeted in derivation or multiple are
with the said cireuit, the motor or energizing
eireuits being of different eleotrical character
whereby the alternating currents therein will
have & difference of phase, as set forth.

3-The combination with & source of alter-
nating eurrents and a circuif from the same,
of amotorhavingindependent energizing cir-
cuits connected in derivation or multiple are
with the said cireunit and of different active
resistance, as set forth.

4. Iu an alternating carrent motor, the com-
bination with feld magnets, of independent
energizing cirenits, adapted to be connected
in multiple are with the condnctors of the
line or transmission circuit and a resistance
or self induection coil in one or both of tha
said motor cirenits, as set forth.

5. Inan alternating current motor, the com-
bination with the field magnets or cores of in-
dependent energizing coils.adapted to be con-
nected in multiple arc with.the lime or trans-
mission circuit, and a variable resistance or
self induetion coil included it one.orboth of
the motor circuits as set forth. -

6. Inan alternating ourrent motor, the com-
bination with the field magnets or eores and
independent energizing circuits of different
active resistance and adapted to be connected
with the line or transmission e¢irenit, of an
armature wound with closed energizing coils
or conductors, as set forth,

7. The combination of a generator of alter-
nating currents, & pair of mains connected
thereto, a multiple circnit differential phase,
and an electric motor having one cirenit con
nected directly to said mains, and {he other
cireuit connected to said mains through an
interposed electro-motive phase-changing de-
viceadapted to change the tima period of the
currents passing through it

NIKOLA TESLA.

Witnesses:

FrANK E. HARTLEY,
FRANE B. MURPHY.
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1960,

Correction in Letters. Patent No. 511

It is hereby certified that in Letters Patent No. 511,560, granted December 26, 1893,
upon the application of Nikola, Tesla, of New York, N. Y., for an improvement in
*Bystems of Electrical Power Transmission,” an error appears in the printed specifica-
tion requiring correction, as follows: In line 95, page 3, the words “and an * should
be stricken: out; and that the said Letters Patent should be read with this correction
therein that the same may conform to the record of the case in the Patent Ofiice,

Signed and sealed this 9th day of June, A. D., 1003, '

[sEAL.] _ F. I ALLEN,

Commissioner of Putents,
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